In this paper, considering a scenario in which there are two quality levels of fresh products and introduction of consumer utility function, we studied the optimal ordering and pricing strategies under certain quantity. Our results showed that, facing the two quality levels of fresh products, retailers would not benefit from sales of lower quality of fresh products with the deterministic demand. In the pursuit of profit maximization, the initial order quantity is smaller than the potential demand for market.
Introduction
Given the technological advancements and logistical capabilities over the last seven decades or so, perishables have become a large part of supermarket retailing sales. For instance, a report by FMI (2009) indicates that of the $430 billion plus in US supermarket sales registered for the year 2008, 81% or over $348 billion is due to sales of groceries directly related to foods and beverages (F & B). And there is no doubt that fresh foods have played a dramatically important role in china.
Motivated by the common practice, retailers usually divide fresh products, which may decay or deteriorate during the sale process, into different quality levels, and sell them in a separate way. In this paper, considering a scenario in which there are two quality levels of fresh products and introduction of consumer utility function, we studied the optimal ordering and pricing strategies under certain quantity. Then, we discussed how environmental factors, such as demand volatility and ordering costs, affected retailers' decision. By considering consumer utility to study the optimal ordering and pricing decisions of multi-quality fresh products, we found corresponding answers of the above questions, and gave the management suggestions.
Literature Review
Ordering and pricing of fresh products are within the scope of supply chain management, which has become a hot issue for discussion and research. Goyal et al. (2001) , Li et al. (2010) , and Bakker et al. (2012) provided a comprehensive introduction about deteriorating items inventory management research from different perspectives [1] - [3] . Under certain quantity, Xiao et al. (2010) assumed that there are two quality levels of fresh products; retailer balances supply and demand of fresh products with price discount to study the optimal selling strategies, but they do not take characteristics of fresh product into account [4] . Bai and Kendall (2008) proposed a single-period inventory and shelf-space allocation model for fresh produce. The demand rate is assumed to be deterministic and dependent on both the displayed inventory and the items' freshness condition [5] . Avinadav Tal et al. (2009) presents an extension of the classical EOQ model for items with a fixed shelf life and a declining demand rate due to a reduction in the quality of the item in the course of its shelf-life [6] . However, Perishable products are subject to both obsolescence and deterioration, but above researches that study both types of loss are limited. Dan and Chen (2008) created an exponential function with downward slope, trying to denote valuable loss with greenness, and studies the coordination in two-level fresh agricultural supply chain [7] . Cai et al. (2010) considered a supply chain in which a distributor procures from a producer a quantity of a fresh product [8] . During the transportation process, the distributor has to make an appropriate effort to preserve the freshness of the product, and his success in this respect impacts on both the quality and quantity of the product delivered to the market. In reality, each consumer has different preferences to fresh products, which may influence retailer's ordering and pricing strategies. Above two references do not model consumer behavior. Some scholars analyzed pricing decision that involves modeling customer behavior. Ferguson and Koenigsberg (2007) have presented a two-period model where the quality of the leftover inventory is often perceived to be lower by customers, and the firm can decide to carry all, some, or none of the leftover inventory to the next period [9] . This is also a model involving quality drop and quantity change. Akcay et al. (2010) considered a dynamic pricing problem facing a firm that sells given initial inventories of multiple substitutable and perishable products over a finite selling horizon. They modeled this multiproduct dynamic pricing problem as a stochastic dynamic program and analyzed its optimal prices [10] . Li et al. (2012) studied the joint pricing and inventory control problem for perishables when a retailer does not sell new and old inventory at the same time [11] . Sainathan (2013) considered pricing and ordering decisions faced by a retailer selling a perishable product with a two-period shelf life over an infinite horizon [12] . Those scholars considered multiple quality levels of deteriorating or decaying products, however, they are not on the background of fresh products.
The remainder of this article is organized as follows. In Section 2, I review the related literature. In Section 3, I describe demand model and the retailer's profit model, and then I find the solution of base model. In Section 4, I examine how demand affects the retailer's problem. In Section 5, I give a sensitivity analysis for the results.
Base Model
Considering a scenario in which a single retailer sells one category fresh product throughout the whole sale period with two stages, there may be residual at the end of one stage, and the retailer can sell the low quality product at the next stage. We assumed that there exist two different quality levels (high and low) to discuss effectiveness of retailers selling decision, ordering and pricing strategies. At the start of period, the retailer procure Q unit fresh product with per unit procurement cost of ω from producer, and the procurement lead time is assumed to be zero. In sales process, retailer can do preservation effort at ϕ rate,
, then its cost is assumed to be 1 2 C Qϕ = . Then I describe the choice process among customers. Any customer who visits the retailer has three choices: buy one unit of the low quality product, buy one unit of the high quality product, or do not buy anything. The high and low quality products compete among customers in their attributes and prices. Each customer selects his preferred choice based on his utility from purchasing a unit of product typei, which is given by
where u is a customer's quality sensitivity,
α is product typei's quality factor that is a measure of its desirability (therefore H L α α > ), and i P is its price. Then, I define i R to be the probability that a customer buying one unit of the high (low) quality product. Next, I discuss how demand certainty impacts the retailer's optimal strategy
Based on the utility model, I first derive expression for H R and L R as functions of the prices and quality factors. The percentage of a customer buying the high quality level H R , and that of buying the old product, L R , are as follows:
In the expression 2, there is need to compare
, so we have two following cases:
, which means all customer only buy high quality products. And after it clears out, customer will buy low quality products. Accordingly, we can draw an expression: 
Suppose the total number of customers is m . The demand for the high and low quality products is deterministic and is given by 
The symbol "+" means the expression,
Optimal Ordering and Pricing Decision
In this section, we solve the optimal ordering and pricing decision according to the retailer's demand and profit model. As the same, there is different relationship between 
. We assume that Q is piecewise linear, the retailer has two optimal choice for Q .
, then I solve the profit function derivative on the high quality product price and I obtain
, which results in a positive profit and is hence better than producing 0 units.
H L H L P P α α ≥ , the retailer's profit is still piecewise linear in Q , therefore, she has three potentially optimal choices for Q :
, we can get the same result as scenario 1; Suppose that 1
,
, we do not take this case into consideration.
, so we only consider case (iii). The retailer's optimization problem is now given by ( ) 2 , max , ,
The Hessian for the objective function is given by:
). Because of the constraint condition, we need construct Lagrange function ( )
. Therefore, KKT conditions are necessary and sufficient and are given by:
Suppose that 0 σ = , we obtain 
. We have the optimal pricing and ordering quantity of high and low quality fresh product:
Numerical Analysis
Giving a fresh product as an example, we assume that u is a customer's quality sensitivity,
. There are discussions about the optimal decision of retailer and fluctuation of the potential demand for market. We have assumptions about some values of parameters as following tables ( Table 1 and Table 2 ). Proposition 1: Facing the two quality levels of fresh products, retailers will not benefit from sales of lower quality of fresh products with the deterministic demand. 
, we can infer that the retailer's profit is only related to high quality factor, ordering and preserving costs. This is because retailer sells low quality products at a discount price, which still needs to undertake ordering and preserving costs. Therefore, the retailer sells low quality fresh products only to minimum the loss and does not make profit from it. Proposition 2: To realize the optimal profit, the retailer's initial ordering quantity is smaller than the potential demand for market. mainly because the retailer sells high quality fresh product at a higher price to make more profit. As long as the retailer has low ordering and preservation costs, it will have the motive to repeat order, which is consistent with zero inventory and rapid inventory turnover in operation management.
Conclusion and Future Research
This paper focuses on multiple quality fresh products and considers consumer utility to analyze the retailer's optimal ordering and pricing strategies. Our results showed that, facing the two quality levels of fresh products, retailers would not benefit from sales of lower quality of fresh products with the deterministic demand. In the pursuit of profit maximization, the initial order quantity is smaller than the potential demand for market. Possible extensions of this paper involve relaxing some of assumptions, for example, considering random customer arrival process and demand substitution of high and low quality products.
